The origin of life and the de novo synthesis of life are among the greatest challenges in contemporary science. It is well known that life consists of many complex processes in which self-replication and folding play key roles. One of the most important features of a living system is its ability to replicate itself. Self-replication is one of the most important ingredients in the origin of life and self-replicating molecules are a promising starting point for the de novo synthesis of life. Folding is the process by which proteins and nucleic acid strands acquire a three-dimensional structure with a biologically functional conformation in a fast and reproducible manner. The most critical metabolic processes in organisms rely on the correct folding of biomolecules such as proteins and DNA. Therefore, the study of self-replication and folding may not only help us uncover the mystery of the origin of life, but may also guide us to synthesize life.
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DNA-based self-replicating systems
In 1986, Günter von Kiedrowski developed the first non-enzymatic chemical self-replicating system based on an oligonucleotide strand with a palindromic sequence (Figure 1.8) . 75 In the replication cycle, a trinucleotide CCG (protected at the 5' end) was coupled with another trinucleotide CGG (protected at the 3' end) in the presence of EDC to generate a template hexanucleotide CCGCGG. The resulting 5' and 3' protected hexanucleotide CCGCGG facilitated the formation of a reaction product that was both complementary and identical to the template via Watson-Crick base pairing. The resulting double-stranded product can then dissociate into two single-stranded molecules that can be used as templates for next catalytic cycle. The existence of an autocatalytic pathway in this system was demonstrated by the addition of a small amount of template at the beginning of the reaction which was found to accelerate product formation. However, the uncatalyzed background reaction contributed significantly to the overall reaction rate. Another limitation of this system is that the reaction rate is slow and only 12 % product formed after 4 days reaction.
In a subsequent experiment, von Kiedrowski and colleagues found that the problem of low efficiency can be solved by replacing the phosphodiester bond in the DNA strand with a phosphoramidate linkage. 76 Furthermore, the rate of self-replication relative to the background reaction was increased in this system, and they therefore observed the first synthetic self-replicator with a sigmoidal growth profile. However, the growth of the replicator was parabolic rather than exponential. After that, they found that this approach can also be applied to a self-replicating system consisting of three nucleotide building blocks. 77 Zielinski and Orgel also established a self-replicating system based on 3'amino-3'-deoxynucleotides. However, the replication of the resulting tetranucleotide was, again, hampered by product inhibition. 78 To obtain a self-replicating system with exponential growth properties, von Kiedrowski and colleagues designed a method called SPREAD (surface-promoted replication and exponential amplification of DNA analogs). 79 In their method, the single-stranded template was first immobilized onto the surface of a solid support and then the complementary nucleotide fragments were bound to the template. The nucleotide fragments were linked by a coupling reagent and the product was then liberated from the template at elevated temperature to free the template and product for a second replication cycle. The liberated product was bound to free sites on the surface of the solid support and the above process was repeated to obtain exponential growth.
RNA-based self-replicating systems
Paul and Joyce successfully developed the first RNA-based self-replicating system in 2002 ( Figure   1 .9). 80 Their experiments employed a modified R3C ligase that catalyzes the formation of 3',5'phosphodiester bonds between two separate RNA molecules. The RNA ribozyme template T is capable of achieving its own precise replication by ligating two RNA subunits A and B through a ternary complex. The addition of a pre-formed template to the reaction revealed a significant increase in the initial rate of template formation, indicating that template formation was an autocatalytic process. However, the increase in reaction rate occurs only in the initial stage of the reaction, which indicates that product self-inhibition occurs. Kinetic fitting revealed that the reaction contained two phases. The increase in replication rate observed early in the reaction is attributed to the formation of the [A_B_T] complex. In contrast, the second, slower phase is the bimolecular reaction of A and B without a template. The authors suggested that the inefficiency of the designed RNA system is due to the similarity in the nucleotide sequences of components A and B, which leads to the formation of the inactive binary complex [A_B], which does not dissociate even upon addition of the template. Subsequently, they found that the deleterious effects on the replication due to the formation of the stable complex [A_B] can be avoided by premixing T with B before adding A or by adding an excess of A to the reaction mixture. 
Dynamic combinatorial chemistry
In the previous sections, we briefly summarized the state of the art in the fields of foldamers and self-replicating systems. Although great achievements have been made in these fields, most of the systems developed relied on multi-step organic synthesis and elaborate design. In addition, no connections have been developed between these two fields. Dynamic combinatorial chemistry not only enables the processes of folding and self-replication to occur with a relaxed demand for multistep synthesis, but also offers the possibility of linking and merging these two processes, as will be shown in this thesis.
The concepts and principles of dynamic combinatorial chemistry (DCC) were pioneered by Sanders and Lehn in the mid-1990s. [117] [118] [119] [120] DCC relies on a reversible process to spontaneously produce many possible combinations of a set of building blocks. Using a reversible reaction to form a dynamic combinatorial library (DCL), all components in the library can continuously interconvert by exchanging building blocks with each other.
The most commonly used reversible covalent bonds for constructing DCLs are imines, hydrazones and disulfides. Disulfide bonds play an important role in life's chemistry. 121 Proteins contain disulfide bonds, and thiols and disulfides maintain the redox state of cells. Disulfide bonds have the following characteristics: 122 (1) In solution, thiols are easily oxidized to disulfides by oxygen in the air (Figure 1.12a) .
(2) The exchange of disulfide bonds can occur in the presence of a catalytic amount of thiolate anion (Figure 1.12b) . Inspired by folding directed self-assembly of biomolecules, chemists have also developed foldinginduced dynamic assemblies of synthetic systems. Moore's group developed a series of methods for assembling monomers into folded dimers and oligomers using reversible chemical bonds. [127] [128] [129] [130] In most of their studies, they used imine metathesis catalyzed by oxalic acid in organic solvents. In their initial study, they used a mono-functionalized building block to study the effect of oligomer length on the folding characteristics. 127 They synthesized two types of m-phenylene-acetylene-based building blocks with different lengths, one of which was functionalized by an amino group and the other by an aldehyde group, each capped by an imine (Figure 1.14) . Simulations show that six aromatic units are necessary to form a complete helix, while additional aromatic units stabilize this folded structure.
Indeed, the results of NMR studies indicate that imines containing two or five aromatic units didn't form a helical structure, whereas stable helical structures were observed when the oligomers have more than six aromatic units. Folding caused the equilibrium of the reaction to be shifted towards the formation of longer oligomers that can form stable helical structures. Furthermore, the experimental results showed that no helix formed in chloroform, while a helical structure was observed in the more polar acetonitrile. In addition, they also found that the position of the imine bond in the helix did not significantly affect the stability of the helical structure, confirming that the imine is a suitable structural analog of the alkyne linker. Also, if the length of the building block is extended such that it forms a stable helix by itself, further increasing the chain length does not affect the position of the imine equilibrium. Subsequently, Giuseppone's group developed an autocatalytic system using imine-based DCLs in 2009. 135 They found that amphiphilic imines can reversibly assemble into spherical micelles and cylindrical micelles (Figure 1.16 ). Since the amphiphilic imine is stabilized by forming a supramolecular assembly, the formation of micelles promotes further formation of the imine, resulting in the growth of the aggregates. As the micelles grow, they become unstable, which causes them to split into smaller aggregates. In this case, the reproducing entity is the entire micelle. In the dynamic combinatorial library the imines that were able to form nanostructures were formed selectively. Self-replication is one of the most important ingredients in the origin of life, and self-replicating molecules are a promising starting point for the de-novo synthesis of life. Folding is the process by which proteins and nucleic acid strands acquire a three-dimensional structure required for function.
Chapter

This thesis intends to capture the processes of self-replication and folding individually, or combined by using dynamic combinatorial chemistry. We first describe how to use dynamic combinatorial chemistry to construct complex folded structures. By making use of simple building blocks, we have achieved the selective assembly of remarkably complex folded structures. We also combined the processes of folding and self-replication in a single system, giving rise to the first such example in synthetic systems.
In Chapter 2, we describe how a dynamic combinatorial selection approach allows access to a foldamer of remarkable complexity constituted by 15 identical peptide-nucleobase building blocks.
The folded structure has a complex secondary and tertiary structure and can emerge autonomously and spontaneously from a dynamic combinatorial library. Folding drives the highly selective (95% yield) synthesis of this remarkable stable folded structure from a mixture of interconverting molecules of different ring sizes in a one-step process. Structural characterization reveals that noncovalent interactions such as π-π stacking and hydrogen bonding play a key role in the stabilization of this complex molecule.
Following the results in Chapter 2, we synthesized a series of new building blocks by replacing the peptide-nucleobase motif with a simple dipeptide subunit. In Chapter 3, we describe a family of complex folded structures that emerged from dynamic combinatorial libraries made from these building blocks. Like the peptide-nucleobase foldamer described in Chapter 2, the formation of dipeptide foldamers is also spontaneous and selective. The introduction of hydrogen bonding sites on the structure of the dipeptide building blocks can significantly affect the formation of folded structures, leading to the emergence of macrocycles of different sizes (9-23mers).
Having established the method for the selective formation of complex folded structures from dynamic combinatorial libraries, we tried to operate the processes of folding and self-replication in a single system. In Chapter 4, a new dynamic combinatorial library is set up by mixing the building block that is capable of forming folded structures with another building block that can undergo selfreplication. The results show no self-sorting between self-replicator and foldamer in this mixed system. Instead a series of mixed-building-block self-replicators was obtained. Unlike other nucleicacid self-replicating systems that rely on base pairing, the emergence of the new self-replicators depends on the ratio of the building blocks and the assembly into ordered supramolecular nanostructures. In addition, selective auto-and cross-catalysis in multicomponent systems are also described in this chapter.
In Chapter 5, we further explored the possibility of self-sorting of self-replicators and foldamers in mixed building block systems. By simply changing the structure of the peptide building block, the processes of self-replication and folding were found to occur simultaneously in a single dynamic library. The results show that the emergence of self-replicator or foldamer is determined by the ratio of the building blocks that make up the dynamic library. The emergence of the self-replicator can promote the formation of the complex folded structures. Furthermore, transient formation of a selfreplicator can also be achieved by adjusting the ratio of the building blocks.
Finally, Chapter 6 gives a summary of this thesis and places the results in a broader perspective.
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